Molecular biology techniques have been applied to microbial community structure and activity analysis to overcome existing limitations of culture-based classical microbiological methods. Hence, nucleic acids in sufficient quality and quantity need be recovered from the samples of interest. There is no shortage of published nucleic acid isolation and purification protocols (Boom et al., 1990; 1991; Carter and Milton 1993; Clegg et al., 1997; DeLong, 1992; Dojka et al., 1998; Duarte et al., 1998; Faegri et al., 1977; Fuhrman et al., 1993; Goodwin and Lee, 1993; Herrick et al., 1993; Holben, 1994; Holben et al., 1988; Holoman et al., 1998; Jackson et al., 1997; Jacobsen and Rasmussen, 1992; Leff et al. 1995; Lorente et al., 1998; Ogram et al., 1987; 1988; Olson, 1991; Picard et al., 2 1992; Porteous et al., 1994; Steffan et al., 1988; Torsvik, 1980; 1995; Torsvik et al., 1990; Trevors and Leung, 1998; Walsh et al., 1991; Zhou et al., 1996) , but only a few reports mention bacterial endospores (Kuske et al., 1997; 1998; More et al., 1994; Nicholson and Setlow, 1990) . Spore disruption has not been a concern whereas alternative assays and spore detection approaches usually failed due to environmental matrix effects, lack of specificity, or difficulties in achieving spore permeabilization (Bidenko et al., 1998; Blake and Weimer, 1997; Bruno and Yu, 1996; Deng et al., 1997; Fischer et al., 1995; Lebaron et al., 1997; Quinlan and Foegeding, 1997) . constitute to an endorsement neither should it be considered as a statement of quality or judgment about one product over another. All chemicals and media ingredients were of high purity and quality grad. Cultures obtained were immediately checked for purity and virulence and expanded for storage. Fresh, eighteen-hour cultures were preserved in halfstrength nutrient broth (Difco, USA) with glycerol (15% final concentration) and maintained for long-term storage at -86ºC in an ultralow temperature freezer and in the vapor phase of liquid nitrogen. Working stocks of the strains were kept on tryptic soy agar (TBA; BBL, USA) at refrigeration temperature. Stored strains were revived first on TBA medium, checked for virulence by multiplex PCR, and sub-cultured on double-strength modified Schaeffer sporulation medium (2 x SG) (Leighton and Doi, 1971) . 17   18   19   20   21   22 In short, cultures were grown on 2 x SG for 48 -72 h at 37ºC. After reaching high sporulation efficiency (Figure 1) , the biomass was collected, washed several times with ice-cold sterile water, and harvested by centrifugation. Spores from the resulting pellet were separated by step-density gradient centrifugation in RenoCal-76 (Bracco Diagnostics, USA). Purified spores (Figure 2) were freeze-4 dried and stored at -20ºC. Reproducibly, a batch of twelve 2 x SG plates yielded ~200 mg of pure spores with a spore density of ~10 Laboratory grown pure spores and spiked soil samples were subjected to potentially spore damaging treatments to validate the protocols for the extraction of PCR-amplifiable DNA from bacterial endospores. Spores and spiked soil samples were autoclaved at 121ºC and 15 psi for 15 min, boiled at 100ºC for 30 min, bleached with 10% household bleach at room temperature for 1 h, treated with Wescodyne (AMSCO, USA) working solution for 10 min at room temperature, and were exposed to sun UV for 2 weeks. Untreated and uninoculated samples were kept under the same conditions and used as controls in the experiments. Table 2 . Spore disruption was validated by phase contrast microscopy and quantitated by plate counts on tryptic soy agar. Ultimately, a modified protocol was routinely used for spore disruption of laboratory grown pure spores and of potentially damaged spore samples. In short, 10 mg of pure, DNase-treated spores in a 1.5-ml microcentrifuge tube were washed twice with 500 µl of ice-cold 0.1% sodium pyrophosphate. Spores were collected by centrifugation at 6,000 g for 1 min after each washing step. A 5% suspension of Chelex 100 resin (Bio-Rad, USA) was freshly prepared in sterile deionized water (Milli Q; Millipore, USA). The resin was gently mixed in the water by inverting the tube a few times. The spores were resuspended in 600 µl of the 5% Chelex 100 resin suspension. The mixture was incubated at 56°C for 1 h and then kept at room temperature for an additional 1 h. Finally, the mixture was boiled for 8 min at 100°C. Spore disruption was validated by determining the number of colony forming units (CFUs) in chloroform-killed (2.5% v/v) samples on TBA medium. The further steps for DNA extraction, capture, and elution followed the manufacturer's recommendation. Since the standard commercial potting soil is rich in organic matter, the SEPHADEX G-200 spin column separation as described earlier (Kuske et al.1997; 1998 ) was used to remove humic acids.
Preparation of spores
DNA concentration was estimated on a 1.2% LE agarose gel (FMC, USA) and quantitatively measured in a model TD-700 fluorometer (Turner Designs, USA) using the Pico-Green ® (Molecular Probes, USA) assay as recommended by the manufacturer. The resulting DNA quality was further verified in a routine PCR reaction amplifying the small subunit 16S rRNA-coding sequence with degenerate E.coli primers 27f and 1492r (Lane, 1991) . 18
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Results and Discussion
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Endospores of Bacillus anthracis may be attractive to terrorists as weapons of mass destruction because they are easily produced and transported and show resistance to environmental and other forms of degradation. DNA based assays have proven reliable and reproducible for pure culture isolates or for purified spore preparations. In the field at a suspected crime or terrorist scene, extraction of sufficient DNA and its reliable amplification to detect strain specific sequenced signature regions are still challenging, particularly against an unknown microbial background that also may have been damaged, aged (weathered), or altered. Although the use of the modified Schaeffer's sporulation agar (Leighton and Doi, 1971 ) made harvesting the biomass more laborious than using a liquid culture, however, much better control over the sporulation event was maintained.
Sporulation efficiency was checked by phase contrast microscopy. Spores appeared green and intensively "phase-bright" (Figure 2 ). Harvested spores were purified and stored long-term.
Spore production and purification resulted in a high quality product that was practically free of vegetative cells. The overall mass balance based on both biomass production and viable spore counts showed acceptable losses during the pure spore preparation. It also drew our attention to a strain specific observation: during the washing steps a "lighter" spore fraction was lost time and Nonetheless, for the purpose of comparison we reproduced and modified a number of published methods for spore disruption and DNA extraction. Table 2 summarizes these experiments and our findings. Methods and their modification that resulted in efficient spore disruption either yielded badly sheared genomic DNA, used chemicals that could not be considered for this project, or generated hazardous waste, which was not allowed under Sponsor's requirements. Finally, two protocols were modified: one using Chelex 100 resin (Bio-Rad, USA), the other the FastDNA ® SPIN Kit for Soil (BIO 101, USA). These protocols were alternatively applied for laboratory grown pure spore cultures and for soil samples.
Spore disruption was monitored and validated qualitatively based on the loss of spore microscopic refractility, and quantitated by viable spore counts. Phase contrast microscopy proved to be rapid and convenient: the loss of refractility (Figures 3-4) is a very practical means of monitoring spore intactness. Intact bacterial endospores are green and intensively "phase bright". As spore disruption proceeds, the spores turn dark. Eventually, only spore walls, "ghosts", are visible under the phase contrast microscope.
Many forms and ways of DNA capture and purification were tested. The silica binding matrix (BIO 101, USA), the DNA binding columns containing a nylon membrane and a glass matrix (BIO 101, USA), and the silica-gel membrane in the QIAamp and QIAquick spin columns (QIAGEN, USA) were the most practical
and efficient under the conditions tested. The resulting DNA was PCR amplified via a standard protocol routinely used in our laboratory. To validate that the developed methods were applicable to real world samples, spiked soil samples were prepared. Commercially available potting soil was mixed with spores under controlled laboratory conditions resulting in 10 7 -10 8 spores per mg of spiked soil. Potting soil was chosen because it was rich in enzymes-inhibiting organic matter, therefore, the need for organic matter removal and the usefulness and ease of the removal protocol could also be tested.
Following a pretreatment, total genomic DNA was extracted from spiked and control soil samples using the modified FastDNA ® SPIN Kit for Soil (BIO 101, USA). In most cases, there was no need for additional organic matter removal after the procedure. If, however, humic acids needed to be removed from the DNA sample, the SEPHADEX G-200 spin column separation proved to be simple and successful. DNA was quantitated and found to be ~80% lower than computed for the amount of spores present in the samples. Nonetheless, DNA quantity and quality was verified to be sufficient for PCR amplification. Laboratory grown pure spores, spiked soil samples, and controls were exposed to autoclaving, bleaching, disinfectants, and sunshine UV. Following the treatments, we determined the viable plate counts, and using the already The project provided our laboratory with the opportunity to realize a major gap in molecular biology techniques, i.e., current published protocols do not satisfy the need for reproducible bacterial endospore disruption. Consequently, it must be assumed that genomic DNA extracted from environmental or forensic samples most likely does not contain representative spore DNA.
Here, we developed and validated protocols for laboratory scale pure spore sample preparation, spore disruption, DNA extraction, and purification. Sample pretreatment and DNA quantitation methods were also tested. All methods were 12 tested with spiked soil samples before and after different types of spore damaging treatments. 
